We propose a novel method for the deterministic transition from multiple solitons to a single soliton in anomalous dispersion microresonators via parametric seeding. Then the temporal position of the single soliton are flexibly manipulated. Microresonator-based optical frequency combs (microcombs) has attracted wide interests from the scientific community since their first demonstration in an experiment a few years ago [1] . The frequency combs are generated through the degenerate and non-degenerate four-wave mixing processes (FWM). Because of the simplicity of the generation mechanism, the compatibility of CMOS integration and the uniquely large tunable comb-line spacing from GHz to THz, microcombs have been proved to be a promising technique in applications such as precise frequency metrology, astronomical spectrograph calibration, ultrastable microwave generation, optical soliton memories and so on [2-4].
Microresonator-based optical frequency combs (microcombs) has attracted wide interests from the scientific community since their first demonstration in an experiment a few years ago [1] . The frequency combs are generated through the degenerate and non-degenerate four-wave mixing processes (FWM). Because of the simplicity of the generation mechanism, the compatibility of CMOS integration and the uniquely large tunable comb-line spacing from GHz to THz, microcombs have been proved to be a promising technique in applications such as precise frequency metrology, astronomical spectrograph calibration, ultrastable microwave generation, optical soliton memories and so on [2] [3] [4] .
Microcombs can be operated in five distinctly different regimes in the pump power and pump-resonance detuning parameter space in the anomalous dispersion region, that is, stable modulation instability (SMI), unstable modulation instability (UMI), unstable cavity solitons (UCS), stable cavity solitons (SCS) and continuous wave (CW). It has been demonstrated that stable single CS has unique application advantages because of its high coherence, single free spectral range (FSR) and smooth spectral envelope [5] . A usual approach for SCS generation is sweeping the detuning from the effective blue-detuned regime to the effective red-detuned regime while the pump power is held constant [6] . However, the number of the generated CS is of great uncertainty through this method. Here we propose a novel method to enable the deterministic transition from multiple CS to a single CS via parametric seeding. The temporal position of the generated single CS can be flexibly manipulated through change the intensity, frequency and initial phase of the seed. To simulate the soliton formation dynamics with parametric seeding in microresonators, we modify the normalized Lugiato-Lefever equation (LLE) [7] as follows:
Here, E is the normalized total intracavity field, t is the dimensionless slow time describing the evolution of the field over successive round trips, from -to is the azimuthal angle along the circumference of the resonator, is normalized detuning between the pump and the closest resonant mode, k is the k-order dispersion coefficient, f0 is the normalized external pump field and f1 is the amplitude of the seed with a frequency of and initial phase of . For simplification, we only consider the second dispersion in this work.
In order to obtain the stable single CS, two steps are taken into account in our scheme. In the first step, only the continuous-wave (CW) pump is coupled into the resonator and adjust the detuning into the SCS regime. Thus, multiple CS can be generated. Subsequently, in the second step, a seed with proper intensity and frequency is coupled into the resonator with the CW pump. To show the probabilistic nature of the number of the CS in the first step and the deterministic transition to a single CS in the second step, we perform simulations corresponding to Fig.  1 . The results clearly show that the number of the CS generated in the first step is random when we repeat the simulation with the same pump and detuning but different realizations of initial noise (see Fig. 1(a) ). However, after the seed is injected in the second step, the final intracavity field transitions to a single CS regardless of the number of the CS in the first step (see Fig. 1(b) ). An example of the transformation process is shown in Fig. 1(c) . Five stable CS are generated in the first step, however, after the seed is injected in the second step, each pulse starts to move towards the nearest one and merge when they reach each other. Eventually, all of the pulses merge into one and a stable single CS is generated. Once the stable single CS is generated, our next goal is to manipulate its temporal position. Our simulation results indicate that the seed will make the single CS trapped into a specific temporal slot, as shown in Fig. 1(c) . We then investigate the effects of the intensity, frequency and initial phase of the seed on the temporal position of the single CS. The results show that the final position of the single CS will decrease with increasing of the frequency of the seed and seed with the opposite frequency but same initial phase will induce an opposite drift behavior (see Fig.  2 (a) and Fig. 2(b) ). In contrast to the frequency, the effect of the intensity of the seed on the temporal position is much weaker (see Fig. 2(a) ). For the seed with the same frequency and intensity, an initial phase of will cause the single CS to move by -/ relative to that of zero initial phase (see Fig. 2(b) ). Using the dependence above, the temporal position of the single CS can be flexibly manipulated through controlling the frequency or initial phase of the seed. Fig. 2 (c) show a continuous manipulation of the temporal position of the single CS through changing the frequency of the seed continuously. Otherwise, a continuous manipulation through changing the initial phase of the seed is shown in Fig. 2 (d) . The results prove the validity and flexibility of the manipulation well.
In summary, we demonstrate the deterministic transition from multiple CS to a single CS via parametric seeding and investigate the dependence of the temporal position of the single CS on the intensity, frequency and initial phase of the seed. Our results confirm that the temporal position of the single CS can be manipulated flexibly using parametric seeding.
